Summary. Mortality differentials among urban residents who were classified by period of residence in a rapidly industrialized city were analysed for those aged 20 and over dying between April 1974 and March 1978. The highest mortality in the male population appeared in the group with under 5 years of residence, and this was attributed to the high age-specific death rates at age 50 and over. In females, a mortality excess conspicuous in those under age 50 was observed in the group with over 20 years of residence. Age-adjusted death rates by leading causes of death differed among the groups by period of residence; the rates from malignant neoplasms and senility for the population with under 5 years of residence were greater in males, but smaller in females than those of the total population. The mortality for the male population with under 5 years of residence was considered to be related to the health of the aged when they migrated.
Introduction
Many studies on mortality in urban areas have been carried out in relation to physical and social components of the urban environment, for example air pollution (Rumford, 1961; Ford & Bialik, 1980) , high population density (Myers & Manton, 1977; Levy & Herzog, 1978) and variations in socioeconomic condition (Griffiths, 1971; Monson, 1980) .
In discussing environmental effects on mortality, particularly for cases with chronic diseases, long term observation is indispensable. Yet such data are rarely available in a rapidly growing city with much immigration. It is moreover difficult to establish the relationship between mortality and some environmental factors, because of the small numbers in the population exposed to a particular environmental condition. The purpose of this article is to examine mortality differentials in a population in a rapidly industrialized city, taking into account the duration of residence there. 
Material and methods
The city providing the data for this analysis is Ichihara City, located in Chiba Prefecture, about 40km east of Tokyo (Fig. 1) . Ichihara City is divided into seven districts: Ichihara, Goi, Anesaki, Shitsu, Miwa, Nanso, and Kamo, each of which formerly constituted a single administrative unit, town or village. Of these districts, Ichihara, Goi, and Anesaki face Tokyo Bay, while the others are located inland. The city covers 367km 2 and the population was 200,000 according to the census of 1975. Since 1960 the national development project has been implemented, bringing factories for petrochemicals and electricity power stations built on reclaimed land in Ichihara, Goi, and Anesaki. Thus the seven districts can be classified into two areas, one with rapid and the other with slow environmental change: the former includes Ichihara, Goi, and Anesaki and the latter Shitsu, Miwa, Nanso, and Kamo. The percentage distribution, by period of residence in 1975, of the population aged 20 and over shows nearly the same values for males and females, i.e. 30-35% with residence of less than 5 years, of 5-19 years, and of over 20 years. as Table 2 shows, the mortality rates for the two areas in 1960 and 1975 are very similar in spite of the great demographic and economic differences. Death certificates on file at Ichihara Health Centre were analysed for residents of Ichihara City aged 20 and over who died between April 1974 and March 1978. Those who died outside Ichihara City were also included. For each case, sex, age at death, and cause of death were available. Causes of death were classified into groups based in the 9th Revision of the International Classification of Disease. Resident registration cards on file at Ichihara CKy Office provided details of period of residence in Ichihara City of those who died. Cases without residential registration cards were proportionally distributed to the residence groups. Death rates were calculated relating the number of deaths to the number of the population by age and period of residence, using data from the population census of 1975 and the results of a survey on migration in Ichihara City (Institute of Population Problems, 1979). Age-adjusted death rates were calculated by an indirect method using the standard population of Ichihara City age 20 and over by sex and age.
Results
The total number of death certificates during the observation period was 3495 (1927 males and 1568 females) and, of these, resident registration cards were not available for 128 cases (88 males and 40 females). Table 3 shows crude and age-adjusted death rates for these groups by period of residence. Age-adjusted death rates differ among the groups; the rate for the population with 5-19 years of residence is the lowest in both sexes, while the highest rates occur in the population with less than 5 years of residence for males and over 20 years of residence for females. The sex difference in mortality is the greatest in those with less than 5 years of residence.
Age-specific death rates by residence duration are given in Fig. 2 . Rates for men with under 5 years of residence are statistically greater in those aged 50-59 and 60+ and smaller in those aged 20-34 than the rates for the other two residence groups. The high mortality in older men with shortest period of residence would lead to the high age-adjusted rate shown in Table 3 . Rates for the female population with over 20 years of residence are significantly higher than those for all other age and residence groups, except that aged 50-59 with under 5 years of residence. Death rates by leading causes of death are tabulated in Table 4 . Male death rates from malignancies, diseases of the digestive system, senility and accidents for the population with under 5 years of residence, and from cerebrovascular diseases for those with over 20 years of residence, are significantly higher than those for the whole population, while the corresponding rates for the population with 5-19 years of residence show significantly lower values. The female rates, for the population with under 5 and 5-19 years of residence are consistently low except for accidents and suicide, while those for the population with over 20 years of residence are consistently greater; malignant neoplasms and the heterogeneous category 'all other diseases' are the causes that attain a significant elevation of rate in this longest residence group.
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Discussion
The large mortality differentials among the population by period of residence in Ichihara City are particularly interesting when age-specificity is considered. The low mortality at ages 20-34 that is common to both sexes indicates that young employees who immigrated recently are in good health. More than 50% of the male population in this age group is employed in factories. Suzuki (1975) reported, in his nation-wide analysis, a conspicuous mortality decline for craftsman, production process workers and labourers between 1955 and 1970. He suggested that healthy workers are selected when they move from one occupation to another, and particularly when leaving agriculture and fishery for other occupations in the course of rapid industrialization of Japan. The low mortality found in the younger age group might be due to the selective immigration of healthy workers.
High mortality in those aged 50-59 and 60+ of shorter residence may possibly be associated with the change of environment. In the report on migration in Ichihara City (Planning Department, Chiba Prefecture, 1977) , the areas of residence of 60% of migrants before moving to Ichihara City were the metropolitan zones of Tokyo, Kanagawa, and Chiba. These data are not however separated by sex and age groups, so it is not possible to examine this suggestion further.
Another aspect of high mortality for the older recent migrants concerns their health status when they migrated. The mortality of males shows a striking contrast to that of females in the cause-specific death rates (Table 4 ). The high mortality from malignant neoplasms and senility for males suggests that such elderly migrants are motivated to move into their children's families or to other relatives, because they are ill or unable to maintain themselves independently. There was no detailed information about where these older migrants are living, whether they are in homes for the aged, or in hospitals, or in households. This hypothesis is supported by the results of Fox, Goldbatt & Adelstein (1982) ; they concluded from their analysis of census and longitudinal survey data that health-related mobility was an important factor in determining the mortality levels of migrants. But this interpretation cannot be applied to females whose distribution of the leading causes of death by period of residence is quite different, and this suggests that the health pattern for the older folk when they migrated is quite different in the two sexes. Individual health data and follow-up observations on older migrants are required to examine this difference further.
In. the female population, those with over 20 years of residence show the highest mortality in each age group. The fact that this is also seen among the younger women (20-34 and 35-49 years), who must have experienced environmental change during childhood, makes one wonder if some early environmental urban agent may have led to their high mortality.
Low mortality of both sexes with 5-19 years of residence occurs particularly in those aged 50-59 and 60+. This would be compatible with the hypothesis that the immigrants include many who are unhealthy and who die shortly after their immigration, after which the mortality in survivors would be lower. The mortality picture that appears in this study indicates the need for care in interpreting mortality observed in an urban city. Further studies should include not only the variables examined here but also other data on daily activities, life styles, economic and recreational pursuits, for only then will the mortality and health of a population in the urban ecosystem be understood.
